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 The challenges facing solar power grid system in Africa is huge. Most salient 
of these challenges is the inefficiency of the photovoltaic (PV) module to 
sustain its output for more than a year. Certainly, the harsh weather condition 
in the region can be said to be one of the reasons for the shortcoming that 
was earlier highlighted. In this research, bio-filters were suggested to filter  
the harmful radiation hitting the PV module. The bio-filter is made up of 
copper coated hibiscus extract. The hibiscus extract was done using ethanol 
solution. It was observed that the bio-filter was able to filter the some of  
the harmful radiation as expected. Using the current, voltage and power 
output, it can be observed that the efficiency of the PV module improved by 
>8%. This result is impressive compared to other simple optical filters. 
The quantity of the harmful solar radiation was not estimated because of 
the limitations of the equipment used for the research. The authors 
recommend that the spray pyrolysis device be used to have the exact layer of 
the bio-filter. It is also recommended that the degradation of the spray film 
due to prolonged exposure to sunlight should be studied within some months. 
More work can be done in estimating the percentage of infrared the biofilter 







Copyright © 2020 Institute of Advanced Engineering and Science.  
All rights reserved. 
Corresponding Author: 
Emetere Moses E.,  
Department of Physics, 
Covenant University, 





The sun is the source of solar energy. Solar energy is an option of renewable energy. Research on 
solar energy is as old as man existence [1, 2]. The technology for harvesting solar energy [3, 4] keeps 
involving depending on three main factors i.e. efficiency of the solar device, the sunshine hours over 
the geographical region and the lifespan of the solar device. The sunshine hours in the tropics are more than 
in the temperate regions. Within the tropics, the solar sunshine hours varies according to geographical 
locations [5, 6]. 
The coastal regions of the tropics have the lowest sunshine hour due to convective activities. 
There are lots of solar shading due to different clouds formation and movement [2]. Moving forward, tropical 
geographical locations that is close to coastal areas do have a different sunshine hour. Also, locations close to 
the desert have higher sunshine hour. In other words, the sunshine hour is determined by the climatic system 
of a geographical location [5]. The most salient challenge is the signatures of the solar radiation pattern 
(SRP) as it has been found to differ around the tropics. More so, SRP has dangerous or harmful solar 
radiation that is capable of destroying the photovoltaic (PV) module. This fact is supported by recent 
patronage in the solar market in Africa. At the moment, South Africa has been able to generate about 124 
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MW to the solar grid chain. This feat has significantly dropped in the subsequent years [7]. This challenge 
may imply that the photovoltaic (PV) modules are no longer at their optimal working conditions. 
When solar energy technology was introduced into the African solar market, it was initially very 
expensive due to purchasing and maintenance cost. The solar market in the region received a boost when 
manufacturer reduced purchasing cost. Over the years of a good patronage of solar devices in most parts of 
Africa, it has been observed that the solar market in Africa have not thrived significantly. This means that 
despite changing brands of PV modules, the users have not been greatly impressed. Within the space of six 
years, the PV manufacturers have introduced into the market-product such as monocrystalline PV modules, 
polycrystalline PV module and hybrid PV modules. Initially, the injection of these products into the African 
market significantly improved energy generation, however, the unimaginable drop in PV performance to 
about 60% within the first or second year of purchase is highly disappointing.  
The modifications of solid-state technologies in various photovoltaic cells in the market were done 
in the manufacturer’s environment [8]. In other words, there are basic design lapses that make the PV module 
not to work appropriately in another environment-other than the manufacturer’s environment. This is 
the origin of the poor performing PV modules in the tropical belt of Africa.  Knowing fully well that the solar 
radiation pattern emits dangerous radiation that could destroy the solar PV module, and it was reported 
earlier that this harmful radiation varies from one location to another, it is salient-based on the above, 
to introduce the concept of solar spectral filtering (SSF).  SSF helps to screen the solar radiation reaching 
the surface of the PV module [9, 10].  
In this research, the bio-filter was synthesized to perform the SSF processes, as it is known that  
the solar module only needs the visible light [11]. It is envisaged that if this research receives further 
contribution, it will help to reduce maintenance cost and boost patronage. The bio-filter used for this research 
was obtained from plant extract.  The plant extract was obtained from Hibiscus Sabdariffa as shown Figure 1. 
Before this experiment, it is widely known that the hibiscus extract are used for flavours, medicinal, 
pharmaceuticals, agrochemicals, fragrances, treatment of wastewaters and local dyes [12-15]. The major 
component in the flower is the cyanidin 3- sophoroside. 
Before now, there have been several works on spectrum filters for PV [16, 17]. Kanfara et al. [16] 
used a low-pass filter for testing the performance of PV modules. The experiment showed little success. 
Hamdad and Brawiech [17] worked on short pass filter and UV hot mirror”as an optical filter on 
the performance of PV cells. It was observed that the short pass filtered PV module and the hot filtered 
module caused a drop in the temperature by 6°C and 10°C respectively. In general, the efficiency of the PV 





Figure 1. Hibiscus sabdariffa L. flower 
 
 
2. RESEARCH METHOD 
The materials used for thus experiment includes: three 3W Monocrystalline solar modules; three 4W 
polycrystalline solar modules; 2mm Connecting wires; data logger; digital Multi-meter; retort stand, 
solarimeter. The rating of the monocrystalline solar module is: open circuit voltage (voc)=10.8v; short circuit 
current (isc)=418mA; maximum power voltage (vmp)=8.2v; and maximum power current (imp)=366mA. 
The rating of the polycrystalline solar module is: open circuit voltage (Voc)=22.466V; short circuit current 
(Isc)=0.235A; maximum power voltage (Vmp)=18.436V; and maximum power current (Imp)=0.220A. 
The Hibiscus sabdariffa flower was blended with ethanol and filtered. The filtrate collected into a beaker.  
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The 10 ml of the filtrate was mixed with 0.0045 mole of Cu (NO3)2.3H2O and left a day to enable proper 
dissolution of copper. Similar methods have been used in past experiments [18-21]. The filtrate is stirred 
vigorously at certain interval of time. 
The data logger can accommodate four modules in total (two monocrystalline and two 
polycrystalline) as presented in Figure 2. The sensitivity of the sensors was synchronized with a multimeter. 
It was observed that the percentage accuracy was 99.23%. The offset was then configured through 
the Ardiuno board to reflect the shortfall. One monocrystalline and polycrystalline module was unsprayed 
and the other two modules (monocrystalline and polycrystalline) were sprayed. The unsprayed modules were 
used as control mechanism to monitor the sprayed modules. Before the modules were sprayed, it was cleaned 
with distilled water. The modules were afterwards put under the sun and the readings from the modules were 





Figure 2. Experimental set-up of sprayed and unsprayed PV module 
 
 
3. RESULTS AND ANALYSIS  
Figure 3(a) shows the solar radiation recorded on the monocrystalline module. The figure shows 
fluctuation in solar radiation with respect to time and the peaks represent the time at which radiation is 
maximum. Figure 3(b) shows the solar radiation recorded on the polycrystalline module. The figure shows 
disturbing perturbations or fluctuations at some time intervals. The pattern of the solar radiation recorded in 
the monocrystalline and polycrystalline PV modules do not have a definite pattern to the describe them. 
However, it can be inferred that the unsual pattern may be attributed to solar shading due to cloud formation 
in the research site. The research site is an active convective region, hence high solar variation has been 
observed in past research paper [22-24]. 
Figure 4(a) shows the current generation in the sprayed and unsprayed monocrystalline module.  
The current of the sprayed module is lower than that of the unsprayed module. The figure takes the same 
form as radiation pattern, inferring the amount of solar radiation is directly proportional to current.  
In the polycrystalline module, it is observed that both the sprayed and unsprayed module had same current 
generation Figure 4(b). It was observed that the bio-filter did not have significant effect on the current output. 
The bio-filter is not measured by output but how it stabilizes the measured parameter. Based on the above,  
the bio-filter partially stabilized the output. 
The figure of the voltage generation in the sprayed and unsprayed monocrystalline PV module is 
presented in Figure 5(a). The voltage of the unsprayed module was slightly higher than the voltage of 
the sprayed module. The figure takes the same form as radiation pattern, inferring the amount of solar 
radiation is directly proportional to voltage generated in the monocrystalline PV module [25]. It was 
observed that sprayed and unsprayed polycrystalline module generated almost same voltage as the current. 
The figure of power against time in the sprayed and unsprayed monocrystalline module is presented 
in Figure 6(a). The power of the sprayed module is lower than that of the unsprayed module. The figure takes 
the same form as radiation pattern, inferring the amount of solar radiation is directly proportional to power of 
a solar module. The polycrystalline module shows that the power generation of the sprayed and unsprayed 
modules was almost the same. It can be inferred that the bio-filter was able to an extent to stabilize 
the measured parameter i.e. power in both polycrystalline and monocrystalline modules. 
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Figure 4. Current production for (a) monocrystalline module (b) polycrystalline module 
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Figure 6. Power production for (a) monocrystalline module (b) polycrystalline module 
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4. CONCLUSION 
The synthesized bio-filter has demonstrated good optical qualities to absorb most of the harmful 
radiation hitting the surface of the monocrystalline and polycrystalline PV modules. Using the current, 
voltage and power output, it can be observed that the efficiency of the PV module improved by >8%. 
This result is impressive compared to other simple optical filters. The quantity of the harmful solar radiation 
was not estimated because of the limitations of the equipment used for the research. It is recommended that 
this highlighted shortcoming of the research should be taken further to ascertain i.e. in percentage the harmful 
radiation that was filtered by the bio-filter. The shortcoming of this work is that the uniformity of the spray 
was estimated based on the volume of biofilter and surface area of the PV module. Hence, the authors 
recommend that the spray pyrolysis device be used to have the exact layer of the bio-filter. It is also 
recommended that the degradation of the spray film due to prolonged exposure to sunlight should be studied 
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